MARKED-UP VERSION OF SUBSTITUTE SPECIFICATION 



LIFTING BODY FOR AN AIRSHIP 

BACKGROUND OF THE INVENTION 

Technical Field 

[00 1 ] The present invention relates to a lifting body for an airship according to th e 
preamble of Claim 1 . 

History of Related Art 

[002] Lifting bodies for airships are known per se and are essentially divided into 
three types: non-rigid, semirigid, and rigid airships. The semirigid airships are most similar to the 
present invention. These have a keel support to which, among other things, motor and passenger 
gondolas and also cargo compartments are attached. In a semirigid airship, the lifting body is 
largely free of solid structures and is kept in its predefined shape by an internal overpressure. 
The keel is connected to the lifting body over its entire length. In order that it may absorb the 
pressure and tensile forces generated by the lifting body, the payload, and the motors, it must be 
constructed as torsion-resistant. A construction of this type is compUcated and contributes 
significantly to the empty weight of an airship, despite light construction materials being used. 
Because any savings in weight in an airship, notwithstanding the type, is favorable to the 
payload, it is important to keep the intrinsic weight of an airship as low as possible. However, 
through improved ratio of payload to intrinsic weight, the lifting body may be designed smaller 
and nonetheless carry the same payload as a larger airship. 

[003] All three types of airships share the problem that a load such as the passenger 

gondola must be attached to the non-solid skin of the lifting body without significantly 
deforming it or reducing its volume. In the rigid airships, this object is achieved by a framework 
forming an endoskeleton, and in the semirigid airships this object is achieved by the keel. In the 
non-rigid airships, for example, support nets are laid around the skin in order to suspend the load 
thereon. In the rigid and semirigid airships, these achievements of the object are relatively heavy, 
and in the non-rigid airships they are unstable. 
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STJMMARY OF THE INVENTION 

[004] The object of the present invention is to overcome the cited disadvantages of 
semirigid airships in particular and of airships in general and thus achieve an improved ratio of 
payload to intrinsic weight. 

Th e achi e vem e nt of th e object stat e d is d e scrib e d in r e gard to its ess e ntial features in th e 
characterizing part of Claim 1 and in regard to furth e r advantag e ous prop e rti e s in the subclaims. 

The present inv e ntion will be explain e d in gr e ater detail on the basis of th e attached drawing. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[005] A more complete understanding of the of the lifting bodv for the airship of the 
present invention mav be obtained bv reference to the following Detailed Description, when 
taken in conjunction with the accompanying Drawings, wherein: 

[006] FIG. 1 shows a first schematic design of the essential components of a lifting 
body in a side view;^ 

[007] FIG. 2 shows a second schematic design of a lifting body in a side view;^ 

[008] FIG. 3 shows a cross-section through the lifting body of FIG. 1;? 

[009] FIGS . 4-, -5 show a front view of various embodiments the first and a third 
design of the lifting bodyi^ 

[0010] FIG. 6 shows a first type of a connection of a compression member to the skin 
of the lifting-body^j 

[00 1 1 ] FIG. 7 shows a second type of the connection of a compression member to the 
skin of the lifting bodyi^ 

[00 1 2] FIG. 8 shows a variation of FIG. 7iv 
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[00 1 3] FIG. 9 shows an enlarged, fragmentary, side-elevational, cross-sectional view of 
a compression member with diagrammatic view of a turbine attached thereto a sch e matic 
illustration of the attachment of a propulsion syst e m; ^ 

[0014] FIGS. lOj 21 1 show an intersection of tensile cables : and; 

[0015] FIGS. 12^ -13 show an isometric view and a side view of an airship having a 
lifting body according to the present invention. 

DETAILED DESCRIPTION OF 

ILLUSTRATIVE EMBODIMENTS OF THE INVENTION 

[0016] Various embodiments of the present invention will now be described more fully 
with reference to the accompanying drawings. The invention may, however, be embodied in 
many different forms and should not be constructed as limited to the embodiments set forth 
herein: rather, the embodiments are provided so that this disclosure will be thorough and 
complete, and will fully convey the scope of the invention to those skilled in the art. 

[0017] FIG. 1 shows the side view of a lifting body 1 constructed according to the 
present invention for an airship. The skin 2 of the lifting body 1 forms an ellipsoidal hollow 
body, which tapers toward the rear 12. Two node elements 3 are attached on diametrically 
opposing surface lines 16 in the region of each of the nose 1 1 and rear 12. A compression 
member 4 runs along each of these surface lines 16 and is anchored at each end in one of the 
node elements 3. The compression members 4 have bending elasticity and therefore flex on the 
skin 2 along the surface line 16. Two tensile bands 5 run per compression member 4. They 
connect the same node elements 3 as the compression member 4, each of them spuraling once 
around the entire hollow body along a geodetic line, each of which spirals in a different 
direction. This means that the tensile bands 5 intersect at the diametrically opposite compression 
member 4. Two tensile bands 5 which are not associated with the same compression member 4 
cross on the skin 2 in each case. 

[00 1 8] The skin 2 is manufactured in such a way that it assumes its predefined taut 
shape under an overpressure of a few millibars, which is characteristic for airships. The tensile 
bands 5 are tensioned by the skin 2 and pull on the node elements 3. These transmit the tensile 
forces to the compression members 4, which are thus loaded by pressure. The lifting body 1 is 
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dimensionally stable due to the equilibrium of the tensile and pressure forces, which is required 
by the construction. The tensile and pressure forces in the tensile bands 5 and compression 
members 4 become larger the larger the overpressure in the skin 2. The lifting body 1 becomes 
more and more stiff and loadable with increasing overpressure while its shape and dimensions 
remain identical. The dimensional stability of the lifting body 1 eases and supports providing it 
with an aerodynamic shape, possibly with a dynamic lift. 

[0019] FIG. 2 shows a second lifting body 1. It has the same structural elements as the 
first. The node elements 3 are laid over the nose 1 1 and the rear 12 of the lifting body 1 in a shell 
shape here. Three compression members 4 instead of two, and therefore a total of six tensile 
bands 5, are used. With a circular cross-section of this lifting body 1 and a rotationally- 
symmetric arrangement of the three compression members 4, all intersections of the tensile 
bands 5 lie on the skin 2. Of course, a non-rotationally-symmetric arrangement of the 
compression members 4 is also according to the present invention, however. Each four tensile 
bands 5 run over one compression member 4 and press it against the skin 2. The use of multiple 
pairs of tensile bands 5 per compression member 4 is also included in the idea according to the 
present invention. The tensile bands 5 may also spiral multiple times around the skin 2. 

[0020] FIG. 3 illustrates a cross-section through the lifting body i of FIG. 1 . It shows 
that in principle no structures must be attached within the skin 2 to stiffen the exoskeleton 
constructed using tensile bands and compression members 4. 

[0021] FIGS. 4 and 5 are frontal views of the exemplary embodiment of FIG. 3 and of 
an exemplary embodiment having four compression members 4. These compression members 4 
and the pair of tensile bands 5 associated with each of them are anchored in the node elements 3. 
The node element 3 is designed as annular in FIG. 4 and as shell-shaped in FIG. 5. 

[0022] FIGS. 6, 7 show two embodiment variations of the detail A from FIG. 3. In FIG. 
6, the compression member 4 is laid on the skin 2. The compression member 4 is permanently 
bonded to the skin 2 through gluing, for example, at least in the region of its flanks 6. The 
tensions in the skin 2 generated by the overpressure in the skin 2 are then transmitted to the 
compression member 4. Through this measure, the buckling length of the compression member 4 
may be significantly increased. Because of the overpressure in the skin 2 and its shape, which is 
curved over its length, the compression member 4 may not buckle inward; the tensile bands 5 
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which cross it press it locally against the skin 2, and, in the regions between the tensile bands 5, 
it is held back by the tensile forces of the skin 2, which prevents buckling outward. It is therefore 
possible to design the compression member 4 with bending elasticity and as flat. The bending 
elasticity of the compression members 4 is expressed directly in a savings in weight: the design 
of a complicated, torsion-resistant, and therefore heavy framework is not necessary. The 
exoskeleton, which is essentially constructed functionally separate for tensile and pressure 
forces, stabilizes and stiffens itself with increasing internal pressure. The functionally separate 
design also expresses itself in the use of materials which may be loaded specifically for pressure 
or tension, through which a further savings in weight may be achieved. In principle, all materials 
which employ corresponding properties are usable. For example, the compression members may 
be constructed of fiberglass-reinforced plastics, carbon fiber-reinforced plastics, or an aluminum 
alloy, and the tensile bands 5 may be constructed from textiles having limited extensibility, such 
as aramid fibers. The tensile bands 5 may also be made of one or more parallel cables made of 
steel, for example. The cross sections of the compression members 4 may be solid or hollow, 
sandwich structures and assembled structures are also conceivable. The possibilities for those 
skilled in the art are manifold and included in the ideas according to the present invention. 

[0023] FIG. 7 shows a variation of the connection of compression member 4 and skin 2 
to conduct the tensile stresses of the skin 2 into the compression member 4. On the flanks 6, the 
compression member 4 has grooves 7. A clamping element 9 runs in the grooves 7, which has 
the skin 2 wrapped around it. Under tension, the clamping element 9 clamps in the groove 7 and 
the tensile stresses are transmitted to the compression member. Other arrangements of the 
grooves 7 or other connection techniques are also included in the ideas according to the present 
invention, the transmission of the tensile stresses of the skin 2 to the compression member 4 
being essential for the idea according to the present invention. 

[0024] FIG. 8 is a variation of FIG. 7. A gas-tight inner skin 27, which is essentially not 
loaded with tension, is attached below the compression member 4. The means for conducting the 
tensile stresses of the skin 2 into the compression member 4 are therefore functionally and 
locally separated from the means for sealing the skin 2. 

[0025] FIG. 9 shows an enlarged, fragmentary, side-elevational, cross-sectional view a 
compression member with diagrammatic view of a turbine attached thereto . Figure 9 illusfrates 
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schematically shows how a component, in this case a turbine 13 for propulsion, for example, 
may be attached to the lifting body i in the region of the rear 12. A turbine 13 is permanently 
bonded to the compression member 4 via an anchor 14. The anchor 14 is designed as broader on 
the side of the compression member 4, so that the torque generated by the thrust forces may be 
conducted on a broad base 10 into the compression member 4. In addition, the compression 
member 4 is reinforced in the region 10. The compression member 4, which has bending 
elasticity, is therefore locally resistant to torsion and is not deformed by the conducted torques. 
Of course, other achievements of the object for conducting forces and torques into the 
compression members without deforming them are included in the idea according to the present 
invention. 

[0026] FIGS. 10, 1 1 each show an intersection of tensile bands 5 on a compression 
member 4. FIG. 10 illustrates the simplest type of intersection. The two tensile bands 5 are not 
guided and run one under the other over the compression member 4, each along a geodetic line 
of the skin 2. 

[0027] FIG. 1 1 is a variation of FIG. 1 0. The tensile bands 5 are each deflected by 
deflection elements 15 from the geodetic line of one tensile band 5 into the geodetic line of the 
other, the geodetic lines intersecting in the same point as tiie tensile bands 5 in FIG. 10. The 
compression member 4 is loaded in this configuration by the tensile bands 5, and by the skin 2, 
and additionally by a tensile force between the deflection elements 15. Further variations for 
intersection or deflection are known to those skilled in the art. For example, the compression 
member 4 may be thickened at the intersection and have grooves for guiding the tensile bands 5. 
It is essential for the idea according to the present invention that the compression member 4 is 
not loaded with shear strains at the intersection. The intersections on the skin 2 may be designed 
similarly to those on the compression member 4. I.e., without any auxiliary elements and, in 
addition, with the aid of guide or deflection elements which are attached separately. 

[0028] FIGS. 12, 13 show an airship having a lifting body 1 according to the present 
invention. The tail units 26 i€, the gondola 17, and the turbine 13 are each attached to one of the, 
for example, five compression members 4. Although the lifting body 1 is essentially free of struts 
in its interior, it nonetheless remains dimensionally stable under the load of the tail units 26 i€, 
the gondola 17, and the turbine 13. 
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[0029] Although various embodiments of the present invention have been illustrated in 
the accompanying Drawings and described in the foregoing Detailed Description, it will be 
understood that the invention is not limited to the embodiments disclosed, but is capable of 
numerous rearrangements, modifications and substitutions without departing from the spirit of 
the invention as set forth herein. 
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